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 ,QWURGXFWLRQ
'LVDVWHU LV $ VLWXDWLRQ UHVXOWLQJ IURP DQ HQYLURQPHQWDO SKHQRPHQRQ RU
DUPHGFRQIOLFWWKDWSURGXFHGVWUHVV SHUVRQDO LQMXU\SK\VLFDO GDPDJH DQG HFRQRPLFGLVUXSWLRQ RI
JUHDWPDJQLWXGH7KLV DUWLFOH GHDOV ZLWK WKH GLVDVWHUV LQ PLQLQJ DQG WKHLU SUHYHQWLRQ DQG FRQWURO
WHFKQRORJLHVDQGDOVRZLWK WKHJOREDOFKDOOHQJHVDQGSROLF\IUDPHZRUNIRUSUHYHQWLRQDQGFRQWURORI
GLVDVWHUVLQPLQLQJ%DVHGRQWKHFDXVHZKLFKLVUHVSRQVLEOHIRUWKHGLVDVWHUGLVDVWHUVDUHFODVVLILHGDV
IROORZV
1.1. Disaster types 
$FFRUGLQJ WR &ODULVVD /LQV GLVDVWHU W\SHV FDWHJRUL]HG DUH UHODWHG ZLWK HOHFWULFDOHQWUDSPHQW
H[SORGLQJYHVVHOVXQGHUSUHVVXUHH[SORVLYHVDQGEUHDNLQJDJHQWVIDOOLQJUROOLQJRUVOLGLQJURFNRU
PDWHULDORIDQ\NLQGIDOORIIDFHULEVLGHRUKLJKZDOOIDOORIURRIRUEDFNILUHKDQGOLQJPDWHULDO
KDQG WRROV KRLVWLQJ LJQLWLRQ RU H[SORVLRQ RI JDV RU GXVW LPSRXQGPHQW LQXQGDWLRQ PDFKLQHU\
UHODWHGKDXODJHVVOLSRUIDOORISHUVRQVWHSSLQJRUNQHHOLQJRQREMHFWVWULNLQJRUEXPSLQJDQGRWKHUV
>@ZKLFKDUHEULHIHGKHUHXQGHU
x (OHFWULFDO DFFLGHQWV LQ ZKLFK HOHFWULF FXUUHQW LV PRVW GLUHFWO\ UHVSRQVLEOH IRU WKH UHVXOWLQJ
DFFLGHQW
x (QWUDSPHQW ,Q DFFLGHQWV LQYROYLQJ QR LQMXULHV RU QRQIDWDO LQMXULHV ZKLFK DUH QRW VHULRXV
HQWUDSPHQW RI PLQH ZRUNHUV WDNHV SUHFHGHQFH RYHU URRI IDOOV H[SORVLYHV DFFLGHQWV
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LQXQGDWLRQVHWF,IDURRIIDOOUHVXOWVLQDQHQWUDSPHQWDFFLGHQWWKHDFFLGHQWFODVVLILFDWLRQLV
HQWUDSPHQW
x ([SORGLQJYHVVHOVXQGHUSUHVVXUH7KHVHDUHDFFLGHQWVFDXVHGE\H[SORVLRQRIDLUKRVHVDLU
WDQNVK\GUDXOLFOLQHVK\GUDXOLFKRVHVDQGRWKHUDFFLGHQWVSUHFLSLWDWHGE\H[SORGLQJYHVVHOV
x ([SORVLYHV DQG EUHDNLQJ DJHQWV $FFLGHQWV LQYROYLQJ WKH GHWRQDWLRQ RI PDQXIDFWXUHG
H[SORVLYHV$LUGR[RU&DUGR[WKDWFDQFDXVHIO\LQJGHEULVFRQFXVVLYHIRUFHVRUIXPHV
x )DOOLQJ UROOLQJ RU VOLGLQJ URFN RUPDWHULDO RI DQ\ NLQG,QMXULHV FDXVHG GLUHFWO\ E\ IDOOLQJ
PDWHULDO UHTXLUH JUHDW FDUH LQ FODVVLILFDWLRQ 5HPHPEHU WKDW LW LV WKH DFFLGHQW ZH ZDQW WR
FODVVLI\,IPDWHULDOZDVVHWLQPRWLRQE\PDFKLQHU\KDXODJHHTXLSPHQWRUKDQGWRROVRUZKLOH
PDWHULDOLVEHLQJKDQGOHGRUGLVWXUEHGHWFFKDUJHWKHIRUFHWKDWVHWWKHPDWHULDOLQPRWLRQ)RU
H[DPSOHZKHUHDURFNZDVSXVKHGRYHUDKLJKZDOOE\DGR]HUDQGWKHURFNKLWDQRWKHUURFN
ZKLFKVWUXFNDQGLQMXUHGDZRUNHUFKDUJHWKHDFFLGHQWWRWKHGR]HU&KDUJHWKHDFFLGHQWWR
WKDWZKLFKPRVWGLUHFWO\FDXVHG WKH UHVXOWLQJDFFLGHQW:LWKRXW WKHGR]HU WKHUHZRXOGKDYH
EHHQQRUHVXOWLQJDFFLGHQW7KLVLQFOXGHDFFLGHQWVFDXVHGE\LPSURSHUEORFNLQJRIHTXLSPHQW
XQGHUUHSDLURULQVSHFWLRQ
x )DOO RI IDFH ULE VLGH RU KLJKZDOO $FFLGHQWV LQ WKLV FODVVLILFDWLRQ LQFOXGH IDOOV RIPDWHULDO
IURPLQSODFHZKLOHEDUULQJGRZQRUSODFLQJSURSVDOVRSUHVVXUHEXPSVDQGEXUVWV6LQFH
SUHVVXUHEXPSVDQGEXUVWVZKLFKFDXVHDFFLGHQWVDUHLQIUHTXHQWWKH\DUHQRWJLYHQDVHSDUDWH
FDWHJRU\1RWLQFOXGHGDUHDFFLGHQWVLQZKLFKWKHPRWLRQRIPDFKLQHU\RUKDXODJHHTXLSPHQW
FDXVHG WKH IDOO HLWKHU GLUHFWO\ RU E\ NQRFNLQJ RXW VXSSRUW VXFK DFFLGHQWV DUH FODVVLILHG DV
PDFKLQHU\RUKDXODJHZKLFKHYHULVDSSURSULDWH
x )DOORIURRIRUEDFN8QGHUJURXQGDFFLGHQWVZKLFKLQFOXGHIDOOVZKLOHEDUULQJGRZQRUSODFLQJ
SURSV DOVR SUHVVXUH EXPSV DQG EXUVWV 1RW LQFOXGHG DUH DFFLGHQWV LQ ZKLFK WKHPRWLRQ RI
PDFKLQHU\RU KDXODJH HTXLSPHQW FDXVHG WKH IDOO HLWKHUGLUHFWO\RUE\NQRFNLQJRXW VXSSRUW
VXFKIDOOVDUHFODVVLILHGDVPDFKLQHU\RUKDXODJHZKLFKHYHULVDSSURSULDWH
x )LUH ,Q XQGHUJURXQG PLQHV DQ XQSODQQHG ILUH QRW H[WLQJXLVKHG ZLWKLQ  PLQXWHV RI
GLVFRYHU\ LQ VXUIDFHPLQHV DQG VXUIDFH DUHDV RI XQGHUJURXQGPLQHV DQ XQSODQQHG ILUH QRW
H[WLQJXLVKHGZLWKLQPLQXWHVRIGLVFRYHU\
x +DQGOLQJPDWHULDO/LIWLQJSXOOLQJSXVKLQJDQGVKRYHOOLQJPDWHULDO7KHPDWHULDOPD\EHLQ
EDJVRUER[HVRUORRVHVDQGFRDOURFNWLPEHUHWF7KHDFFLGHQWPXVWKDYHEHHQPRVWGLUHFWO\
FDXVHGE\KDQGOLQJPDWHULDO
x +DQG WRROV$FFLGHQWV UHODWHG WR QRQSRZHUHG WRROVZKHQ EHLQJ XVHG DV KDQG WRROV GR QRW
LQFOXGHHOHFWULFWRROVRUDLUSRZHUHGWRROV
x +RLVWLQJ'DPDJHWRKRLVWLQJHTXLSPHQWLQDVKDIWRUVORSHZKLFKHQGDQJHUVDQLQGLYLGXDORU
LQWHUIHUHV ZLWK XVH RI WKH HTXLSPHQW IRU PRUH WKDQ  PLQXWHV +RLVWLQJ PD\ DOVR EH WKH
FODVVLILFDWLRQZKHUHDYLFWLPZDVLQMXUHGE\KRLVWLQJHTXLSPHQWEXWWKHUHZDVQRGDPDJHWR
WKH HTXLSPHQW$FFLGHQWV LQYROYLQJ FDJHV VNLSV EXFNHWV RU HOHYDWRUV 7KH DFFLGHQW UHVXOWV
IURP WKH DFWLRQ PRWLRQ RU IDLOXUH RI WKH KRLVWLQJ HTXLSPHQW RU PHFKDQLVP ,QFOXGHG LV
HTXLSPHQW VXFK DV GHUULFNV DQG FUDQHV RQO\ ZKHQ XVHG LQ VKDIW VLQNLQJ VXVSHQGHG ZRUN
SODWIRUPV LQ VKDIWVPLQH FDUV EHLQJ ORZHUHG RU UDLVHG E\ KRLVWLQJ HTXLSPHQW RQ VORSHV RU
LQFOLQHVDVNLSVTXHH]HGEHWZHHQWLPEHUVUHVXOWLQJLQDQDFFLGHQWRUDQRUHEXFNHWWLSSHGIRU
DQ\UHDVRQFDXVLQJDQDFFLGHQW
x ,JQLWLRQRUH[SORVLRQRIJDVRUGXVW$FFLGHQWVUHVXOWLQJDVDFRQVHTXHQFHRI WKH LJQLWLRQRU
H[SORVLRQRIJDVRUGXVW,QFOXGHGDUHH[SORGLQJJDVROLQHYDSRXUVVSDFHKHDWHUVRUIXUQDFHV
x 0HWKDQH ,JQLWLRQ $ PHWKDQH LJQLWLRQ RFFXUV ZKHQ PHWKDQH EXUQV ZLWKRXW SURGXFLQJ
GHVWUXFWLYHIRUFHV'DPDJHUHVXOWLQJIURPDQLJQLWLRQLV OLPLWHGWRWKDWFDXVHGE\IODPHDQG
KHDW 3HUVRQQHO LQ WKH LPPHGLDWH YLFLQLW\RI DQ LJQLWLRQPD\EH EXUQHG DQG OLQH EUDWWLFH RU
RWKHUPDWHULDOVLQFORVHSUR[LPLW\PD\EHGLVFRORXUHGPHOWHGRUEXUQHG,JQLWLRQVJHQHUDOO\
LQYROYHVPDOOTXDQWLWLHVRIPHWKDQHDQGDUHXVXDOO\FRQILQHGWRDVPDOODUHDKRZHYHULQWKH
FDVHRIPHWKDQHURRIOD\HULQJIODPHVSUHDGPD\EHPRUHH[WHQVLYH
x 0HWKDQH ([SORVLRQ $ PHWKDQH H[SORVLRQ RFFXUV ZKHQ PHWKDQH LV LJQLWHG DQG EXUQV
YLROHQWO\7KHIODPHRIWKHH[SORVLRQDFFHOHUDWHVUDSLGO\KHDWLQJWKHHQYLURQPHQWDQGFDXVLQJ
GHVWUXFWLYHIRUFHV(YLGHQFHRIWKHGHVWUXFWLYHIRUFHVPD\EHPDQLIHVWRQYLFWLPVHTXLSPHQW
VWUXFWXUHVHWF:LWQHVVHVWRDQH[SORVLRQPD\KHDUWKHQRLVHJHQHUDWHGE\WKHUHVXOWLQJVRXQG
SUHVVXUHZDYH
x ,PSRXQGPHQW $Q XQVWDEOH FRQGLWLRQ DW DQ LPSRXQGPHQW UHIXVH SLOH RU FXOP EDQN ZKLFK
UHTXLUHVHPHUJHQF\DFWLRQLQRUGHUWRSUHYHQWIDLOXUHRUZKLFKFDXVHVLQGLYLGXDOVWRHYDFXDWH
DQDUHD$OVRWKHIDLOXUHRIDQLPSRXQGPHQWUHIXVHSLOHRUFXOPEDQN
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x ,QXQGDWLRQ$QXQSODQQHGLQXQGDWLRQRIDPLQHE\DOLTXLGRUJDV7KHPLQHPD\EHHLWKHUD
VXUIDFHRUXQGHUJURXQGRSHUDWLRQ
x 0DFKLQHU\ KDXODJHV$FFLGHQWV WKDW UHVXOW IURP WKH DFWLRQ RUPRWLRQ RIPDFKLQHU\ RU IURP
IDLOXUH RI FRPSRQHQW SDUWV ,QFOXGHG DUH DOO HOHFWULF DQG DLUSRZHUHG WRROV DQG PLQLQJ
PDFKLQHU\ VXFK DV GULOOV WXJJHUV VOXVKHUV GUDJOLQHV SRZHU VKRYHOV ORDGLQJ PDFKLQHV
FRPSUHVVRUVHWF ,QFOXGHGHUULFNVDQGFUDQHVH[FHSWZKHQ WKH\DUHXVHG LQVKDIWVLQNLQJRU
PRELOHFUDQHVWUDYHOOLQJZLWKDORDG
x 1RQ SRZHUHG KDXODJH $FFLGHQWV UHODWHG WR PRWLRQ RI QRQSRZHUHG KDXODJH HTXLSPHQW
,QFOXGHGDUHDFFLGHQWVLQYROYLQJZKHHOEDUURZVPDQXDOO\SXVKHGPLQHFDUVDQGWUXFNVHWF
x 3RZHUHGKDXODJH+DXODJH LQFOXGHVPRWRUV DQG UDLO FDUV FRQYH\RUV EHOW IHHGHUV ORQJZDOO
FRQYH\RUV EXFNHW HOHYDWRUV YHUWLFDO PDQ OLIWV VHOIORDGLQJ VFUDSHUV RU SDQV VKXWWOH FDUV
KDXODJHWUXFNVIURQWHQGORDGHUVORDGKDXOGXPSVIRUNOLIWVFKHUU\SLFNHUVPRELOHFUDQHVLI
WUDYHOOLQJZLWKDORDGHWF7KHDFFLGHQWLVFDXVHGE\WKHPRWLRQRIWKHKDXODJHXQLW ,QFOXGH
DFFLGHQWVWKDWDUHFDXVHGE\DQHQHUJL]HGRUPRYLQJXQLWRUIDLOXUHRIFRPSRQHQWSDUWV,IDFDU
GURSSHU VXIIHUV DQ LQMXU\ DV D UHVXOW RI IDOOLQJ IURP D PRYLQJ FDU FKDUJH WKH DFFLGHQW WR
KDXODJH
x 6OLSRU IDOO RISHUVRQ ,QFOXGHV VOLSV RU IDOOV IURPDQHOHYDWHGSRVLWLRQRU DW WKH VDPH OHYHO
ZKLOHJHWWLQJRQRURIIPDFKLQHU\RUKDXODJHHTXLSPHQWWKDWLVQRWPRYLQJ$OVRLQFOXGHVVOLSV
RUIDOOVZKLOHVHUYLFLQJRUUHSDLULQJHTXLSPHQWRUPDFKLQHU\ZKLFKDJDLQLQFOXGHVVWHSSLQJLQ
DKROH
x 6WHSSLQJRUNQHHOLQJRQREMHFW$FFLGHQWVDUHFODVVLILHGLQWKLVFDWHJRU\RQO\ZKHUHWKHREMHFW
VWHSSHGRUNQHHOHGRQFRQWULEXWHGPRVWGLUHFWO\WRWKHDFFLGHQW
x 6WULNLQJRUEXPSLQJ7KLVFODVVLILFDWLRQLVUHVWULFWHGWRWKRVHDFFLGHQWVLQZKLFKDQLQGLYLGXDO
ZKLOHPRYLQJDERXWVWULNHVRUEXPSVDQREMHFWEXWLVQRWKDQGOLQJPDWHULDOXVLQJKDQGWRROV
RURSHUDWLQJHTXLSPHQW
x 2WKHU$FFLGHQWVQRWHOVHZKHUHFODVVLILHG7KLVLVDODVWUHVRUWFDWHJRU\
 'LVDVWHUSUHYHQWLRQDQGFRQWUROPDQDJHPHQW
2.1. Objectives of disaster management 
$GLVDVWHU UHIHUV WR D FDWDVWURSKHPLVKDS FDODPLW\ RU JUDYH RFFXUUHQFH IURPQDWXUDO RUPDQ
PDGHFDXVHVZKLFK LVEH\RQGWKHFRSLQJFDSDFLW\RI WKHDIIHFWHGFRPPXQLW\'LVDVWHU0DQDJHPHQW
LQYROYHVDFRQWLQXRXVDQGLQWHJUDWHGSURFHVVRISODQQLQJRUJDQL]LQJFRRUGLQDWLQJDQGLPSOHPHQWLQJ
PHDVXUHV ZKLFK DUH QHFHVVDU\ RU H[SHGLHQW IRU  3UHYHQWLRQ RI GDQJHU RU WKUHDW RI DQ\ GLVDVWHU
0LWLJDWLRQ RU UHGXFWLRQ RI ULVN RI DQ\ GLVDVWHU RU LWV VHYHULW\ RU FRQVHTXHQFHV  &DSDFLW\ EXLOGLQJ
LQFOXGLQJ UHVHDUFK DQG NQRZOHGJH PDQDJHPHQW  3UHSDUHGQHVV WR GHDO ZLWK DQ\ GLVDVWHU  3URPSW
UHVSRQVH WR DQ\ WKUHDWHQLQJ GLVDVWHU VLWXDWLRQ RU GLVDVWHU  $VVHVVLQJ WKH VHYHULW\ RU PDJQLWXGH RI
HIIHFWVRIDQ\GLVDVWHU(YDFXDWLRQUHVFXHDQGUHOLHIDQG5HKDELOLWDWLRQDQGUHFRQVWUXFWLRQ
2.2. Methods for prevention and control of disasters: Methane monitoring and control technologies 
0HWKDQHJDVH[SORVLRQVDUHRQHRIWKHPRVWFRPPRQFDXVHVRIXQGHUJURXQGFRDOPLQHGLVDVWHUV
0HWKDQHLVDQRGRXUOHVVFRORXUOHVVDQGKLJKO\FRPEXVWLEOHJDVWKDW OHDNVRXWGXULQJPLQLQJRIFRDO
VHDPVDQGLIOHIWXQGHWHFWHGDQGXQFRQWUROOHGFDQH[SORGHYLROHQWO\ZLWKDVPDOOVSDUN7KHUHIRUHLWLV
RI SDUDPRXQW LPSRUWDQFH WR FRQWURO WKHPHWKDQH WKURXJK DGHTXDWH YHQWLODWLRQZKHQ LW LV SUHVHQW LQ
VPDOODPRXQWLQWKHDLU
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)LJ0HWKDQHPRQLWRULQJHTXLSPHQW
)RUGHWHFWLQJPHWKDQHJDV OHYHO WKHFRDOPLQLQJHTXLSPHQWVDUH UHFRPPHQGHGWREHILWWHGZLWK
PHWKDQHPRQLWRUVLQRUGHUWRHQDEOHWKHPDFKLQHVDVZHOODVWKHHOHFWULFLW\WREHDXWRPDWLFDOO\VKXWRII
RQFH WKH PHWKDQH OHYHO UHDFKHV  5HFHQWO\ GHYHORSHG VHQVRUEDVHG PHWKDQH GHWHFWRUV XWLOLVLQJ
UDGLRIUHTXHQF\LGHQWLILFDWLRQ5),'WHFKQRORJ\FDQEHGHSOR\HGLQDQ\SDUWRIDGHHSXQGHUJURXQG
FRDO PLQH WUDQVPLWWLQJ PHWKDQH FRQFHQWUDWLRQ UHDGLQJV ZLUHOHVVO\ WR WKH VXUIDFH )RU LQVWDQFH 86
EDVHG7XQQHO5DGLRKDVGHYHORSHGDZLUHOHVVGHWHFWLRQV\VWHPIRUPRQLWRULQJPHWKDQHJDVDQGFDUERQ
GLR[LGH &2 ,W FRPSULVHV RI DQ HDV\WRLQVWDOO JDV VHQVLQJ PRGXOH VXLWDEOH IRU EDWWHU\SRZHUHG
DSSOLFDWLRQ 7KH GHYLFH FDQ VHQG SUHFLVH JDVOHYHO UHDGLQJV WR WKH VXUIDFH FRPSXWHU V\VWHP RQ D
FRQWLQXRXVEDVLVHYHQLQWKHKDUVKHVWHQYLURQPHQWV
2.3. Dust monitoring and control technologies 

)LJ'XVWJHQHUDWLRQZLWKVKHDUHU
'XVWEXLOGXSLQWKHXQGHUJURXQGPLQLQJDUHDLVDQRWKHUPDMRUFDXVHRIFRDOPLQHH[SORVLRQV7KH
LQKDODWLRQ RI VLOLFD DQG FRDO GXVW DOVR SRVHV VHULRXV KHDOWK KD]DUGV IRU WKH PLQHUV 7KH XVH RI DLU
YHQWLODWRUVDQGZDWHUVSUD\VDQGWKHUHJXODUFOHDQLQJRIFRDOGXVWO\LQJRQWKHVXUIDFHDUHVRPHRIWKH
EDVLF WHFKQLTXHV WR SUHYHQW FRDO GXVW H[SORVLRQV $Q DUUD\ RI GXVWEXVWHU DJHQWV LQFOXGLQJ ELQGHUV
IRDPVDQGDQWLR[LGDQWVDUHDOVREHLQJGHYHORSHGWRPLWLJDWHWKHFKDQFHVRIFRDOGXVWUHODWHGGLVDVWHUV
*(
VQHZO\ODXQFKHG&RDO3OXVWHFKQRORJ\IRUH[DPSOHFDQUHGXFHFRDOGXVWE\XSWRLQGLIIHUHQW
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FRDOPLQLQJRSHUDWLRQV
7KH FRDO GXVW H[SORVLELOLW\ PHWHU &'(0 D SRUWDEOH DQG KDQGKHOG LQVWUXPHQW IRU LQVWDQW
PRQLWRULQJRI WKH UDWLREHWZHHQFRDOGXVWDQG URFNGXVW OHYHOV LQ WKHXQGHUJURXQGPLQH LVFXUUHQWO\
DYDLODEOHLQWKHPDUNHW7KHGHYLFHRULJLQDOO\GHYHORSHGE\86$
V1DWLRQDO,QVWLWXWHIRU2FFXSDWLRQDO
6DIHW\ DQG +HDOWK 1,26+ LV EHLQJ FRPPHUFLDOLVHG E\ 6HQVLG\QH 3HUVRQDO GXVW PRQLWRUV 3'0
KDYHDOVREHHQGHYHORSHGWRJLYHPLQHUVDWRROWRWUDFNH[SRVXUHWRUHVSLUDEOHFRDOGXVWLQUHDOWLPH
2.4. Automated underground mining
$XWRPDWHG XQGHUJURXQG PLQLQJ LV WKH PRVW SURPLVLQJ WHFKQRORJ\ WR SUHYHQW IDWDO PLQLQJ
DFFLGHQWV VXFKDVGULOOLQJEODVWLQJ ORDGLQJDQGKDXOLQJDWGHHSXQGHUJURXQGVDQGFDQEHSHUIRUPHG
XVLQJXQPDQQHGYHKLFOHV DQGPDFKLQHV RSHUDWHG IURPD UHPRWH ORFDWLRQ$SDUW IURP HIILFLHQF\ DQG
SURGXFWLYLW\WKHELJJHVWDGYDQWDJHRIPLQHDXWRPDWLRQLVWKHIDFWWKDWKXPDQVFDQEHNHSWRXWRIKDUP


)LJ$XWRPDWHGXQGHUJURXQGPLQLQJ
0LQLQJ FRPSDQLHV DURXQG WKH ZRUOG DUH HLWKHU XVLQJ RU FRQVLGHULQJ WR XVH DXWRPDWHG PLQLQJ
WHFKQRORJLHV 'H %HHUV )LQVFK GLDPRQG PLQH LQ WKH 1RUWKHUQ &DSH 6RXWK $IULFD &RGHOFR
V (O
7HQLHQWHFRSSHUPLQHLQ&KLOHDQG5LR7LQWR
V:HVW$QJHODV0LQHLQWKH3LOEDUDUHJLRQ$XVWUDOLDDUH
DPRQJWKHILUVWXQGHUJURXQGPLQHVWRDGRSWDXWRPDWHGKDXODJHDQGWUDQVSRUWV\VWHPV%+3%LOOLWRQKDV
DOVRVWDUWHGH[SHULPHQWLQJGULYHUOHVVWUXFNVDQGDQDXWRPDWHGUHPRWHRSHUDWLQJFHQWUHIRULWVLURQRUH
RSHUDWLRQVLQWKH3LOEDUDUHJLRQRI$XVWUDOLD9DOHKDVGHFLGHGWRPDNHLWV&DUDMDV6HUUD6XO6'LURQ
RUHPLQHDXWRPDWHGDQGFRPSOHWHO\WUXFNOHVV5LR7LQWRKDVDQQRXQFHGWKDWLWZLOOGHSOR\WKHZRUOG
V
ELJJHVW XQGHUJURXQG DXWRPDWLRQ V\VWHP IRU EORFN FDYLQJ RSHUDWLRQV DW WKH $UJ\OH XQGHUJURXQG
GLDPRQGPLQH
2.5. Rock -falls prevention technologies 
5RFNDQGURRIIDOOVLVRQHRIWKHPRVWFRPPRQFDXVHVRIXQGHUJURXQGPLQLQJDFFLGHQWV7KHEDVLF
SUHFDXWLRQDU\PHDVXUHV WR SUHYHQW VXFK DFFLGHQWV DUH WDNHQ GXULQJ WKH SUHSDUDWLRQ RIPLQLQJ OD\RXW
GHVLJQVZLWK WKHDLPRIPLQLPLVLQJWKHHIIHFWVRISRWHQWLDOJHRORJLFKD]DUGV&RQVWDQWPRQLWRULQJRI
URFN IDFHV LV UHTXLUHG WR SUHYHQW VXFK DFFLGHQWV 6RPH ELJ SLW PLQHV DUH DOVR XVLQJ HOHFWURQLF
VXUYHLOODQFHV\VWHPVFKHFNLQJIRUORRVHURFNVDQGWHQVLRQFUDFNVWRSUHYHQWURFNIDOOIURPKLJKZDOOV

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
)LJ$XWRPDWHGWHPSRUDU\URRIVXSSRUWHU
)HZSURFHVVHV LQXQGHUJURXQGPLQLQJVXFKDV URFNEROWLQJDQGSLOODU UHFRYHU\DUHSURQH WR
URFNIDOO DQG ULEIDOO UHODWHG LQMXULHV $XWRPDWHG 7HPSRUDU\ 5RRI 6XSSRUW $756 0RELOH 5RRI
6XSSRUWV 056 DQG DXWRPDWHG URRI EROWLQJ V\VWHP LQYROYLQJ VHOIGULOOLQJ LQMHFWDEOH URFN EROWV DUH
VRPHRIWKHQHZWHFKQRORJLHVSURYLGLQJSURWHFWLRQDJDLQVWVXFKLQMXULHV&RPSDQLHVVXFKDV)OHWFKHU
-2<+LOWLDQG2ULFDDUHDWWKHIRUHIURQWLQSURGXFLQJDUDQJHRIVXFKVROXWLRQV
3DVWHEDFNILOOLVDSURPLVLQJWHFKQRORJ\FDSDEOHRISUHYHQWLQJURRIIDOOVHIIHFWLYHO\LQXQGHUJURXQG
KDUGURFNPLQHV7KHSDVWHEDFNILOOPDWHULDOSUHSDUHGE\PL[LQJWDLOLQJVZLWKDSSURSULDWHSURSRUWLRQV
RIFHPHQWDQGZDWHULVWUDQVSRUWHGXQGHUJURXQGE\SLSHOLQHWREHXVHGIRUYHUWLFDOURRIVXSSRUWJURXQG
DQGSLOODUVXSSRUWSLOODUUHFRYHU\DQGIRUFUHDWLQJZRUNLQJSODWIRUPV
2.6. Proximity detection and collision warning

)LJ)LUVWDLGRILQMXUHGZRUNHU

&ROOLVLRQEHWZHHQPDFKLQHU\RUEHWZHHQPDFKLQHU\DQGSHUVRQQHOLVRQHRIWKHFRPPRQFDXVHVRI
DFFLGHQWVLQXQGHUJURXQGDVZHOODVRSHQSLWPLQHV3UR[LPLW\GHWHFWLRQWHFKQRORJ\FDQEHLQVWDOOHGRQ
PRELOHPDFKLQHU\ WR GHWHFW WKH SUHVHQFH RI SHUVRQQHO RUPDFKLQHU\ZLWKLQ D FHUWDLQ GLVWDQFH RI WKH
PDFKLQH
1,26+GHYHORSHGDQDFWLYHSUR[LPLW\ZDUQLQJV\VWHPFDOOHGWKH+D]DUGRXV$UHD6LJQDOOLQJDQG
5DQJLQJ'HYLFH +$6$5'IRUZDUQLQJZRUNHUV WKURXJKYLVXDODXGLEOHDQGYLEUDWRU\ LQGLFDWRUVDV
WKH\ DSSURDFK GDQJHURXV DUHDV DURXQG KHDY\ PLQLQJ HTXLSPHQW &DWHUSLOODU KDV DOVR GHYHORSHG
GHWHFWLRQ WHFKQRORJ\FDOOHG&DW'HWHFW3HUVRQQHO WKDW IHDWXUHV DV RQHRI WKH ILYH VXEPRGXOHV RI LWV
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LQWHJUDWHGPLQLQJPDQDJHPHQWVXLWH&DW0LQH6WDU7KHWHFKQRORJ\LQYROYLQJ5),'WDJVZRUQE\WKH
ZRUNHUV DQG WKH GHWHFWRUV PRXQWHG RYHU WKH PDFKLQHV WR ZDUQ RSHUDWRUV ZLWK DXGLR DQG YLVXDO
LQGLFDWLRQVRISRVVLEOHFROOLVLRQVVSHHGLQJRUUROORYHUV
2.7. Computerised permit-to-work system

)LJ&RPSXWHULVHGZRUNLQJ
7KH HIIHFWLYHPDQDJHPHQW RI D SHUPLWWRZRUN V\VWHP LV FULWLFDO WRPLQH VDIHW\ DV LW WUDFNV WKH
DXWKRULVDWLRQV DQG FRPSHWHQFLHV RI HPSOR\HHV ZKLOH LGHQWLI\LQJ WKH NH\ ULVNV LQYROYHG ZLWK D
SDUWLFXODUMRE
$FRPSXWHULVHGSHUPLWWRZRUNV\VWHPFROODWLQJDOOUHTXLUHGGRFXPHQWDWLRQIRUVSHFLILF W\SHVRI
ZRUN WDNLQJ LQWR DFFRXQW WKH VSHFLILF LGHQWLILHG KD]DUGV DQG WKH SUHFDXWLRQV QHHGHG WR EH WDNHQ E\
ZRUNHUV LVKHOSIXO LQHQVXULQJPLQHVDIHW\DW WKHZRUNDXWKRULVDWLRQ OHYHO$SSO\,7D6RXWK$IULFDQ
VRIWZDUH FRPSDQ\ IRU H[DPSOH KDV GHYHORSHG D SHUPLWWRZRUN DXWKHQWLFDWLRQ V\VWHP FDOOHG
,QWHOOL3(50,7WKDWLQWHJUDWHVDOODVSHFWVRISHUPLWVWRZRUNDFFHVVFRQWURODQGULVNDVVHVVPHQWWUDFNV
WKHDXWKRULVDWLRQOHYHOVRIHDFKHPSOR\HHDWZRUNDQGWLHVSHUPLWVLQWRDFFHVVFRQWUROZLWKELRPHWULF
ILQJHUSULQW LGHQWLILFDWLRQ ,QWHOOL3(50,7 KDV EHHQ LQVWDOOHG DW 1HZPRQW 0LQLQJ &RUSRUDWLRQ
V
%RGGLQJWRQPLQHLQ$XVWUDOLD
2.8. Fatigue monitoring 
'LVWUDFWLRQFDXVHGE\ORQJZRUNLQJKRXUVFUHDWLQJWLUHGQHVVLQWUXFNGULYHUVDQGPDFKLQHRSHUDWRUV
ZRUNLQJ DW WKH PLQH VLWH LV D FRPPRQ FDXVH RI DFFLGHQWV 7KH WHFKQRORJ\ FDSDEOH RI FRQVWDQWO\
GHWHFWLQJWKHRQVHWRIIDWLJXHDQGPLFURVOHHSVLQWKHRSHUDWRUVDQGFUHDWLQJDQDOHUWIRUWKHPLVKHOSIXO
LQSUHYHQWLQJVXFKDFFLGHQWV
6HHLQJ0DFKLQHDQ$XVWUDOLDQFRPSDQ\KDVGHYHORSHGIDWLJXHPRQLWRULQJV\VWHPVFDOOHG'ULYHU
6DIHW\6\VWHP'66XVLQJSDWHQWHGH\HDQGKHDGWUDFNLQJWHFKQRORJ\7KH'66FRPSULVHVRIDGDVK
PRXQWHGFDPHUDFRQVWDQWO\GHWHFWLQJWKHIDWLJXHDQGGLVWUDFWLRQLQWKHGULYHU
VH\HV&DWHUSLOODUHQWHUHG
LQWRDQDJUHHPHQWZLWK6HHLQJ0DFKLQHWRPDUNHWWKHIDWLJXHPRQLWRULQJV\VWHPLQ0DUFK
x 0HWKDQHFDSWXUHIURPFRDOPLQHVFRXOGSUHYHQWSRVVLEOHXQGHUJURXQGH[SORVLRQV
x &RDOGXVWFRQWUROLVDQHFHVVDU\SUHYHQWLYHPHDVXUHDJDLQVWFRDOPLQHH[SORVLRQV
x 7KHDGRSWLRQRIDXWRPDWHGPLQLQJWHFKQRORJLHVLVRQWKHULVH
x $GYDQFHGURRIEROWLQJV\VWHPRIIHUVSURWHFWLRQDJDLQVWURFNIDOOUHODWHGLQMXULHV
x 3UR[LPLW\GHWHFWLRQWHFKQRORJ\PLJKWSUHYHQWVHYHUDOFROOLVLRQUHODWHGLQMXULHV
x %RGGLQJWRQPLQHLQ$XVWUDOLDKDVDGRSWHGFRPSXWHULVHGZRUNDXWKRUL]DWLRQV\VWHP
2.9. Global challenges in disaster prevention and control management 
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*RYHUQDQFH IRU ULVN PDQDJHPHQW $SSURSULDWH JRYHUQDQFH IRU GLVDVWHU ULVN PDQDJHPHQW LV D
IXQGDPHQWDO UHTXLUHPHQW LI ULVN FRQVLGHUDWLRQV DUH WR EH IDFWRUHG LQWR GHYHORSPHQW SODQQLQJ DQG LI
H[LVWLQJULVNVDUHWREHVXFFHVVIXOO\PLWLJDWHG'HYHORSPHQWQHHGVWREHUHJXODWHGLQWHUPVRILWVLPSDFW
RQ GLVDVWHU ULVN (QKDQFH JOREDO LQGH[LQJ RI ULVN DQG YXOQHUDELOLW\ HQDEOLQJPRUH DQG EHWWHU LQWHU
FRXQWU\DQGLQWHUUHJLRQDOFRPSDULVRQV6XSSRUWQDWLRQDODQGVXEUHJLRQDOULVNLQGH[LQJWRHQDEOHWKH
SURGXFWLRQ RI LQIRUPDWLRQ IRU QDWLRQDO GHFLVLRQ PDNHUV GHYHORS D PXOWLWLHUHG V\VWHP RI GLVDVWHU
UHSRUWLQJ
'LVDVWHUULVNPDQDJHPHQW7KHV\VWHPDWLFPDQDJHPHQWRIDGPLQLVWUDWLYHGHFLVLRQVRUJDQLVDWLRQ
RSHUDWLRQDOVNLOOVDQGDELOLWLHVWRLPSOHPHQWSROLFLHVVWUDWHJLHVDQGFRSLQJFDSDFLWLHVRIWKHVRFLHW\RU
LQGLYLGXDOVWROHVVHQWKHLPSDFWVRIQDWXUDODQGUHODWHGHQYLURQPHQWDODQGWHFKQRORJLFDOKD]DUGV
 3ROLF\IUDPHZRUNIRULQVWLWXWLRQDODQGOHJDODUUDQJHPHQWV
$ W\SLFDO '0 FRPSULVHV VL[ HOHPHQWV SUH GLVDVWHU SKDVH LQFOXGHV SUHYHQWLRQ PLWLJDWLRQ DQG
SUHSDUHGQHVVZKLOHWKHSRVWGLVDVWHUSKDVHLQFOXGHVUHFRQVWUXFWLRQUHKDELOLWDWLRQDQGUHFRYHU\
3.1. Disaster management Act, 2005 disaster management 
$V GLVDVWHUPDQDJHPHQW LV DPXOWLGLVFLSOLQDU\ SURFHVV DOO&HQWUDO0LQLVWULHV DQG'HSDUWPHQWV
ZLOO KDYH D NH\ UROH LQ WKH ILHOG RI GLVDVWHUPDQDJHPHQW 7KH QRGDO0LQLVWULHV DQG'HSDUWPHQWV RI
*RYHUQPHQWRI,QGLDLHWKH0LQLVWULHVRI$JULFXOWXUH$WRPLF(QHUJ\&LYLO$YLDWLRQ(DUWK6FLHQFHV
(QYLURQPHQWDQG)RUHVWV+RPH$IIDLUV+HDOWK0LQHV5DLOZD\V6SDFH:DWHU5HVRXUFHVHWFZLOO
FRQWLQXHWRDGGUHVVVSHFLILFGLVDVWHUVDVDVVLJQHGWRWKHP
3.2. Roadmap for sustainable development in mining
7KHVH DUH VRPH RI WKH PRVW QRWHZRUWK\ VXVWDLQDELOLW\ LQLWLDWLYHV LQ WKH VHFWRU  8VH RI QHZ
WHFKQRORJLHVWRUHGXFHHQHUJ\XVH&RQYHUVLRQRIZDVWHZDWHULQWRSRWDEOHZDWHU3UHVHUYDWLRQRIZDWHU
UHVRXUFHV E\ FRQVHUYDWLRQ UHF\FOLQJ DQGPLQLPL]LQJ SROOXWLRQ5HFODPDWLRQ RI ELRGLYHUVLW\ LQ DUHDV
LPSDFWHGE\PLQLQJRSHUDWLRQVDQGPDLQWHQDQFHRIH[LVWLQJELRGLYHUVLW\LQODQGKROGLQJV5HGXFWLRQRI
HPLVVLRQV DQG ZDVWH SURGXFWV DQG UHXVH RI ZDVWH PDWHULDOV LQ VPHOWLQJ 2SHUDWLRQ (PSOR\PHQW RI
FRPPXQLW\PHPEHUVLQFOXGLQJZRPHQ0DQDJHPHQWRIFRPPXQLW\DQGHPSOR\HHKHDOWKHYHQLQDUHDV
QRW GLUHFWO\ LPSDFWHG E\PLQLQJ DFWLYLWLHV 3URYLVLRQ RI WUDLQLQJ SURJUDPV IRU FRPPXQLW\PHPEHUV
,GHQWLILFDWLRQ DQG SURWHFWLRQ RI VXEVLVWHQFHUHODWHG UHVRXUFHV RI ORFDO FRPPXQLWLHV LQFOXGLQJZDWHU
SODQWVDQGZLOGOLIH3ODQQLQJIRUPLQHFORVXUHVEHIRUH WKHEHJLQQLQJRIDQ\PLQLQJDFWLYLWLHV8VHRI
PLQHFORVXUHDVDQRSSRUWXQLW\WRUHKDELOLWDWH ODQG'HYHORSPHQWRIH[WHQVLYHZULWWHQSROLFLHVIRUDOO
DVSHFWVRIFRPSDQ\¶VDFWLYLWLHVLQFRQVXOWDWLRQZLWKVWDNHKROGHUV
 &RQFOXVLRQV
0HQ DUH FRPPRQO\ H[SRVHG WR GLVDVWHUV GXULQJ PLQLQJ RI UHVRXUFHV  ,Q D PRYH WR IDFH VXFK
GLVDVWHUVSROLF\IUDPHZRUNVDQGSUHYHQWLYHPHDVXUHVKDYHDOVREHHQGHYHORSHGIURPWLPHWRWLPH7R
UHDOL]HVXVWDLQDEOHGHYHORSPHQWRIPLQLQJWKHVHPHDVXUHVLQSODFHRXJKWWREHREVHUYHGPHWLFXORXVO\
DQGLQDGGLWLRQIXUWKHUUHVHDUFKHVQHHGWREHFRQGXFWHGWRDQVZHUWKHXQPHWFKDOOHQJHVVWLOOVXUIDFLQJ
WKHPLQLQJLQGXVWU\
5HIHUHQFHV
 *LOEHUW DQG .UHLPHU  ³/HDUQLQJ IURP WKH :RUOG %DQN¶V ([SHULHQFH RI 1DWXUDO 'LVDVWHU $VVLVWDQFH´ 8UEDQ
'HYHORSPHQW'LYLVLRQ:RUNLQJ3DSHU6HULHV:RUOG%DQN
 &ODULVVD/LQV6XVWDLQDELOLW\LQWKH0LQLQJ6HFWRU(OL]DEHWK+RUZLW]
 1DWLRQDOSROLF\RQGLVDVWHUPDQDJHPHQW3UHDPEOH
 $FFHVVHGIURPZZZVRXUFHZDWFKRUJLQGH[SKSFRDOBPLQLQJBGLVDVWHUVRQ
 $FFHVVHG IURP ZZZPLQLQJWHFKQRORJ\FRPIHDWXUHVIHDWXUHPLQLQJVDIHW\WHFKQRORJ\WRSUHYHQWPLQLQJDFFLGHQWV
RQ
